Background Dorsal complex cutaneotendinous lesions of the hand represent a reconstructive challenge. The use of composite microvascular flaps and vascularized tendon grafts represent the gold-standard. The radial anti-brachial region can still represent an excellent donor site, to the detriment of the possible sacrifice of the radial artery. The reverse radial anti-brachial flap can be either perforator-based, thus saving the radial artery or raised as an adipo-fascial flap, to spare the skin.
Introduction
Dorsal complex teno-cutaneous lesions of the hand represent a reconstructive challenge concerning modalities, times, need of early mobilization and often invalidating outcomes. The usage of composite microvascular flaps and vascularized tendon grafts is currently the gold-standard for this type of reconstruction, especially in case of large defects and/or in the presence of contamination/ infection. In this context, the radial anti-brachial region, due to its quality, proximity and also thanks to the presence of sacrificial tendons, can still represent an excellent donor site. To overcome the possible sacrifice of the radial artery, nonetheless, the reverse radial anti-brachial flap can be based on the perforator arteries. Moreover, the flap can be raised as an adipo-fascial, thus saving the skin. The reverse radial forearm flap, as either a fascial flap or a fasciocutaneous flap, has been extensively used for the hand coverage in distal soft-tissue reconstruction [1] [2] [3] [4] . The traditional flap consists of a single stage procedure that provides well-perfused tissue to the palm, dorsum, or thumb-index web space. It incorporates the radial artery from the forearm and is perfused by retrograde flow through the palmar arch. Weinzweig et al. [5] and Jeng and Wei [6] demonstrated the use of reverse radial forearm fasciosubcutaneous flap without radial artery sacrifice, basing the flap on radial artery perforators. This approach has beneficial implications for patients with incomplete palmar arches. A clinical case was reported, in which the "Chinese" flap based on radial artery perforators was used for dorsal hand coverage. In a post-traumatic highly contaminated dorsal cutaneotendinous defect of the second ray of the hand, the reconstruction technique with a Revers Radial Teno-Adipo-Fascial Flap (RRTAFF) plus vascularized Palmaris Longus (PL) tendon, based on radial artery distal perforators, was described. Its clinical application provides a quick and straightforward single-stage option for the reconstruction of complex cutaneotendinous defects of the hand, without the sacrifice of the radial artery.
Patients and Methods
A case of highly contaminated post-traumatic loss of tissue of the dorsal hand, in a 77-year-old patient, was reported. The defect ex-tended from the 1 st commissure to the 3 rd metacarpus, with a tendon gap of the Extensor Digitorum Communis (EDC) for the 2nd and Extensor Indicis Proprius (EIP) (from zone 4 to 6) and with exposure of the 2 nd metacarpophalangeal (MCF) joint (▶ Fig. 1b) . The patient came to our attention for a "second-look", after immediate treatment of simple washing, debridement and partial closure (▶Fig. 1a, ▶Fig. 1b). The radical debridement was completed keeping only the skin still with uncertain vascularization. The radial anti-brachial flap was harvested as adipo-fascial plus vascularized tendon of Palmaris Longus (PL), pedicled with reverse flow, based ▶Fig. 1 Right hand. a Highly contaminated post-traumatic loss of tissue of the back of the hand, in a 77-year-old patient after preliminary treatment at the emergency room. b After washing and debridement we can observe the real loss of tissues extended from the 1 st commissure to the 3 rd metacarpus, with a tendon gap of the Extensor Digitorum Communis (EDC) for the 2 nd and Extensor Indicis Proprius (EIP) (from zone 4 to 6) and with exposure of the 2 nd metacarpophalangeal (MCF) joint. 
Operative Technique
The RRTAFF was performed with the patient supine and a tourniquet in place on the upper arm. The forearm was placed on a table, fully supinated, after the complete debridement of necrotic and contaminated soft tissues of the dorsal aspect of the hand. The tourniquet was then inflated. The flap was raised following the preoperative drawing, respecting the defect size. A curved incision was made from the wrist to the antecubital fossa. The incised skin was undermined and separated from the underlying adipofascial tissue. The adipofascial island was centered along the axis of the radial artery, extending proximally to the antecubital fossa with a distal pivot point 4 cm proximal to the radial styloid (▶Fig. 2). Loupes magnification was thus necessary. The flap was raised ulnarward in the subfascial plane. The lateral antebrachial cutaneous nerve was preserved. The radial artery was spared and its perforators for the flap at the level of the pivot were protected. During the harvest great attention was paid in preserving the fascia surrounding the PL tendon. Therefore, the fascia was raised starting from a more ulnar side and so antebrachial fascia and PL tendon, which was contained in a doubling of the fascia, were harvested together in a single layer (▶ Fig. 2) . This guaranteed a physiological gliding channel for the tendon and preserved its blood supply. Then this composite flap was completely raised and rotated 180° to check the correct coverage of the defect in the hand. The flap was transposed to the defect using a subcutaneous tunnel. Then the tenorrhaphy and the intercalary reconstruction of the 2° EDC and EIP was performed, using PL and looping it distally (at the level of F1) and simply suturing it proximally in termino-terminal way (▶Fig. 3b). The donor site was closed primarily. A suction drain was used for one day.
At the end the tendon graft restored a correct 2 nd finger "cascade", in harmony with the other fingers and the flap was well vascularized (▶Fig. 3a). Throughout the following days the reconstruc-tion appeared stable and vital, with further necrotic demarcation in the spared dorsal skin, ulnarward. Then, a new surgery was planned for the definitive removal of necrotic or non-reliable skin and partial thickness demo-epidermic grafting (▶Fig. 4a, ▶ Fig. 4b) .
Results
At the first dressing, the dermoepidermal graft was partially engrafted. Subsequent checks revealed non-rooted areas and signs of superficial infection. However, advanced dressings and standard antibiotic prophylaxis were continued after performing a simple washing and superficial remediation of the biofilm and potentially infected areas. After 2 weeks the cleaning of a fibrin bed showed tendon exposure (reconstruction of the extensor apparatus of the 2 nd ray with vascularized tendon graft of PL) proximal to the MCF joint. An empirical antibiotic therapy (amoxicillin/clavulanate 875/125 mg: 1 x 3/die) was decided upon and to continue with advanced dressings on a weekly basis, reaching the complete coverage of the defect and re-epithelization within 3 weeks (▶Fig. 4c). Then the hand was well healed without signs of infection. The dor- This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
sal skin appeared elastic and pliable enough. The donor site was well healed and with almost no morbidity (▶ Fig. 4d) . The forearm and the hand were protected with a plaster splint in "safe position" for 3 weeks. After this period a rehabilitation program started and only dressings and bandages were applied. Passive (P-ROM) and active (A-ROM) range of motion of interphalangeal (IF) and MCF joints were very satisfying: see P-ROM and A-ROM (▶Fig. 4, ▶ Video).
Discussion
The traditional "Chinese" flap was used extensively in reconstructive hand surgery [1] [2] [3] [4] . Jet Weinzweig et al., in 1994, and Jeng and Wei, in 1998, [5, 6] described a technique preserving the radial artery, basing the flap on perforators. In 1983, Reid and Moss [7] reported a modification of the radial artery forearm flap for one-stage repair of dorsal hand injuries: they harvested the Palmaris Longus (PL) and a portion of the Brachioradialis (BR) tendon along with fascia and skin. In 1996, Yajima et al [8] described a series of cases with soft-tissue defects of the hand: they treated them using a cutaneotendinous radial forearm flap, augmented with the PL tendon and Flexor Carpi Radialis (FCR) tendon. More recently, the "Chinese" flap was used as cutaneotendinous free flap, for the reconstruction anatomical study which described the vascularization of FCR tendon when included in the radial forearm flap.
In the present technical note the adipofascial style, the preservation of radial artery (perforator-based) and the inclusion of vascularized tendon grafts are all combined. The residual defect with secondary tendon exposure resulted in subsequent infectious complications (after the skin graft) was conservatively treated. This was possible given the small size of the defect. Nonetheless, the fact that we were dealing with all potentially vascularized tissue (and not with a simple tendon graft) allowed us to go down this path more safely and to successfully complete the procedure. On the contrary, the granulation tissue would have had difficulty in covering a devascularized tendon and deprived of its sheath, therefore a simple tendon graft managed to favor the spread of a deep infection.
CONCLUSIONS
The development of the classic "Chinese" flap guaranteed a quick and reliable operation for the reconstruction of complex lesions. Preservation of the radial artery and the forearm skin has transformed it in a less-invasive procedure. While the use of composite flaps has enriched the functional outcoming and reduced the reconstructive times. Our Operative Technique offers an adipofascial harvesting with skin preservation, a perforator-based flap with radial artery saving, and the inclusion of vascularized tendon grafts. Microsurgical dissection with high magnification is necessary, but anastomosis time is saved. Its clinical application provides a quick and straightforward single-stage all-vascularized option for the functional reconstruction of complex cutaneotendinous defects of the dorsum of the hand, particularly indicated in cases of high contamination or infection.
